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Abstract
Background/Aim. Exertional heat stress is a common
problem in military services. Considering the coagulation
abnormalities are of major importance in development of
severe heat stroke, we wanted to examine changes in hemo-
static parameters in soldiers during exertional heat stress test
as well as the effects of a 10-day passive or active acclimati-
zation in a climatic chamber. Methods. A total of 40 male
soldiers with high aerobic capacity performed exertional
heat stress test (EHST) either in cool >20ºC, 16ºC wet bulb
globe temperature (WBGT)], or hot (40ºC, 29ºC, (WBGT)
environment, unacclimatized (U) or after 10 days of passive
(P) or active (A) acclimatization. Physiological strain was
measured by tympanic temperatures (Tty) and heart rates
(HR). Platelet count (PC), antithrombin III (AT), and pro-
thrombin time (PT) were assessed in blood samples col-
lected before and immediately after the EHST. Results.
EHST in hot conditions induced physiological heat stress
(increase in Tty and HR), with a significant increase in pro-
thrombin time in the groups U and A. Platelet counts were
significantly higher after the EHST compared to the basic
levels in all the investigated groups, regardless environ-
mental conditions and acclimatization state. Antithrombin
levels were not affected by EHST whatsoever. Conclusion.
In the trained soldiers, physiological heat stress caused mild
changes in some serum parameters of blood clotting such as
prothrombin time, while others such as antithrombin levels
were not affected. Platelet counts were increased after
EHST in all groups. A 10-day passive or active acclimatiza-
tion in climatic chamber showed no effect on parameters
investigated.
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Apstrakt
Uvod/Cilj. Toplotni stres usled fiziÿkog napora predstav-
lja ÿest problem u vojsci. Pošto su poremeýaji koagulacije
veoma znaÿajni za razvoj teškog toplotnog udara, cilj istra-
živanja bio je da se ispitaju promene parametara koagula-
cije tokom toplotnog stresa usled fiziÿkog napora, kao i
uticaj desetodnevne pasivne, odnosno aktivne aklimatiza-
cije. Metode. þetrdeset vojnika muškog pola, visoke aero-
bne sposobnosti, izloženo je fiziÿkom naporu submaksi-
malnog intenziteta i to: grupa C u termoneutralnoj sredini:
20ºC, ili 16ºC WBGT (indeks vlažnog i globus termomet-
ra), a ostali u toploj sredini (40ºC, 29ºC WBGT), i to nea-
klimatizovani (U), nakon 10-dnevne pasivne (P) ili aktivne
(A) aklimatizacije u klimatskoj komori. Fiziološko optere-
ýenje odreĀivano je preko timpaniÿne temperature (Tty) i
frekvencije srÿanog rada (HR). Serumske vrednosti prot-
rombinskog vremena (PT), antitrombina III (AT) i broja
trombocita (PC) odreĀivane su iz uzoraka krvi uzetih pre i
odmah nakon testa. Rezultati. Fiziÿki napor u toploj sre-
dini izazvao je znaÿajno poveýanje vrednosti PT u neakli-
matizovanoj i aktivno aklimatizovanoj grupi. Broj trombo-
cita bio je znaÿajno poveýan nakon testa i to u svim gru-
pama, bez obzira na temperaturne uslove tokom testa i na
stanje aklimatizacije ispitanika. Vrednosti AT nisu se pro-
menile ni u jednoj grupi. Zakljuÿak. Kod utreniranih voj-
nika toplotni stres kombinovan sa fiziÿkim naporom do-
vodi do promene nekih parametara koagulacije (produže-
nja PT), dok nema uticaja na druge parametre, kao što je
vrednost AT. Poveýanje broja trombocita nakon testa mo-
že se pripisati dejstvu fiziÿkog napora, bez dodatnog uti-
caja toplotnog stresa, a 10-dnevna pasivna ili aktivna akli-
matizacija ne utiÿe na ove promene.
Kljuÿne reÿi:
napor, fiziÿki; stres uzrokovan toplotom;
aklimatizacija; krv, koagulacija; vojnici; srbija.Volumen 70, Broj 7 VOJNOSANITETSKI PREGLED Strana 671
Vesiý Z, et al. Vojnosanit Pregl 2013; 70(7): 670–674.
Introduction
Heat stress can be a significant problem in military serv-
ices. Common preventive measures, such as restriction of
physical activity, taking off clothes, and moving into shade,
are usually suppressed by a strong motivation to accomplish
the task. Heat stress can impair both physical and mental per-
formance, but at the same time, can influence the vital body
functions, with heat stroke as the most severe consequence.
Heat stroke is a life-threatening syndrome characterized
by multiple organ dysfunction, including arterial hypotension,
hyperthermia, and central nervous system disorders 
1, 2. Exces-
sive activation of systemic inflammation and hypercoagulable
state may contribute to multiple organ failure and dysfunction
in heat stroke 
3, 4. The heat illness considers a certain contin-
uum, so it is of major importance to understand the processes
lying underneath. The heat illness syndrome is typically de-
picted as a series of discrete events, characterized by patho-
physiologic responses that increase in severity as one moves
from the mildly impaired functioning such as heat cramps to
heat exhaustion and heat stroke. Heat exhaustion is the most
common heat syndrome, but, unrecognized, can progress to
heat stroke 
5. Coagulation disorders are well described as part
of classic heat stroke in elderly people during heat waves 
6,
but, considering the similar pattern of pathophysiologic re-
sponse, it is also reasonable to assume that it may follow the
exertional heat exhaustion, which typically occurs in healthy,
young individuals undergoing strenuous physical activity in
hot environments. Athletes and soldiers represent a high-risk
population for this form of heat injury, in which these impair-
ments have not been understood completely.
It is well established that acclimation to heat produced
physiological adaptations which result in decreased physio-
logical strain and increased tolerance during exercise in the
heat 
7, 8. However, the effects of acclimatization on blood
clotting during exertional heat stress have been of little inter-
est so far. The aim of this study was to investigate the effect
of exertional heat stress and the influence of acclimation on
physiological functioning and serum blood clotting parame-
ters in young soldiers.
Methods
Forty male soldiers (20.1 ± 0.9 years) participated in the
trial after being informed of the purpose and details of the
trial, any known risks and discomforts, and their right to ter-
minate participation at will. After briefing, the soldiers gave
their written informed consents to participate. The experi-
mental protocol was approved by the Ethical Committee of
the Military Medical Academy in Belgrade. Medical supervi-
sion of the subjects was conducted according to international
standards 
9. Standard anthropometric measurements were
conducted, baseline levels of maximal aerobic power
(VO2max) was indirectly determined on treadmill.
The investigation was conducted during wintertime
(late November and December) in Military Medical Acad-
emy, Belgrade. The soldiers were randomly divided into four
equal groups. The first group were unacclimatized controls,
who performed the exertional heat-stress test (EHST) in cool
environment (C). Another unacclimatized group performed
the EHST in hot environment (U), and the rest two groups
performed the same test, but after 10 days of acclimation in a
climatic chamber (3 hours each day, at 35ºC, relative humidity
40%, wind speed < 0.1 m/s); acclimation was in one group
conducted passively (P), and in the other actively (A), with 1
hour walking on a treadmill, 5.5 km/h. The EHST included
walking on a motorized treadmill (5.5 km/h) either in a cool
>20ºC, wet bulb globus termometer temperature (WBGT) 16ºC
– group C) or hot (40ºC, WBGT 29ºC – group U, P, and A)
environment, while wearing a normal combat uniform, with a
backpack filled with 20 kg of sand in order to simulate regular
weight burden. EHST duration was maximally 90 min; the
criteria for termination were: tympanic temperature (Tty)
39.5ºC 
10, heart rate (HR) 190 beats/min, or intolerable subjec-
tive discomfort. The subjects were allowed to drink tap water
at will, up to 1.5 L. Blood samples were collected before the
EHST and immediately after it.
The soldiers were closely monitored up to 5 hours after
finishing the trial and medically examined after 2 days
(ECG, blood pressure and routine blood analysis).
Environmental conditions (dry bulb-temperature,
WBGT, relative humidity and wind speed) were measured
by MiniLab Light Laboratories, Brighton, England. Core Tty
was continuously measured using contact probes (Elektro-
laboratoriet, Denmark) with a transducer introduced into the
auditory canal and placed toward the eardrum. The tem-
perature was registered every 5 minutes. Heart rate was con-
tinuously telemetrically monitored (Quinton instruments,
USA), and recorded every 5 minutes. Atithrombin III (AT),
prothrombin time (PT), and platelet count were assessed by
standard laboratory methods in the Institute for Medical Bio-
chemistry, Military Medical Academy, Belgrade.
Data are presented as means ± SD. The difference was
assessed by the Student’s t-test and Wilcoxon’s Signed Rank
test for paired samples. The normal distribution was tested by
the Shapiro Wilk’s test. SPSS 11.5 was used to process statis-
tical material and the 0.05 level of significance was used.
Results
Table 1 shows the physical characteristics of the sub-
jects. All the groups were similar in all the investigated char-
acteristics. None of 40 soldiers showed any symptom of heat
stroke or severe heat exhaustion during or after the EHST.
No results of any medical exams showed any sign of serious
dysfunction. All the soldiers in the group C completed the
EHST. However, only one soldier in the group U success-
fully completed the EHST, in the rest cases tests were termi-
nated between 45 and 70 minutes, mostly due to reaching the
ethical barrier for Tty 39.5ºC, or intolerable subjective dis-
comfort. In the acclimatized groups, most of the soldiers
managed to finish the test (3 soldiers in the group P and 1 in
the group A terminated the test between 60 and 80 minutes,
reaching the Tty barrier). Even so, their subjective sensation
of discomfort was tolerable, and they were willing to con-
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The mean Tty and HR values are presented in Figures 1
and 2. In the first 20 minutes (before sweating onset) there
was an increase in Tty in all the groups, and after that in the
group C Tty remained constant. Tty raised steadily in all
groups performed EHTS in hot environment, with slightly
lower values recorded in the acclimatized groups. Heart rates
in the group C were steady, while in hot conditions there was
a permanent increase in HRs in all the groups similarly, but
the limit of 190 beats/min was never reached. A maximal re-
corded HR was 163 beats/min.
Table 2 summarizes the plasma levels of AT, PT, and
platelet count (PC) for the controls, unaccclimatized, pas-
sively, and actively acclimatized soldiers performing EHST
(the groups U, P, and A).
The table reveals that PT values were significantly in-
creased after the EHST compared to the basic values in the
group U and A (0.94 ± 0.08 s before vs 1.01 ± 0.04 s after
the EHST; Wilcoxon Z = -4.583; p = 0.009, and 0.97 ± 0.04
s before vs 1.03 ± 0.05 s after the EHST; Z = -2.373; p =
0.018, respectively). Platelet counts were significantly in-
creased after the EHST compared to basic levels in all inves-
tigated groups, but did not differ among the groups, neither
before, nor after the EHST: 242.6 ± 42.82u10
3/mm
3 before
vs 267.0 ± 45.02 u10
3/mm
3 after the EHST (Z = -2.703; p =
0.007) in thr group C; 257.3 ± 38.0 u10
3/mm
3 before vs
300.8 ± 49.97 u10
3/mm
3 after the EHST (Z = -2.701; p =
0.007) in the group U;  225.9 ± 55.81 u10
3/mm
3 before vs
267.3 ± 69.43 u10
3/mm
3 after the EHST (Z = -3.156; p =
0.028) in the group P, and 252.56 ± 56.37 u10
3/mm
3 before
vs 313.89 ± 83.26 u10
3/mm
3 after the EHST (Z = -2.666; p =
0.008) in the group A. The EHST did not influence plasma
AT levels regardless environmental conditions, and acclima-
tization state whatsoever.
Discussion
Impaired working efficiency is a well-known conse-
quence of heat strain. This is particularly important in mili-
tary services. Core temperature is considered a relevant indi-
cator of thermal strain. Military training guidelines for con-
tinuous physical work times are based on achieving core
temperature of 40ºC in acclimatized individuals with appro-
priate fluid replacement 
11. Well-trained athletes and soldiers
may tolerate hyperthermia without adverse side effects due
to training-induced heat acclimatization effects on cellular
protective mechanisms 
12.
Table 1
Physical characteristics of the subjects
Group Body height
(m)
Body mass
(kg)
Body fat content
(%)
VO2max
(mL/kg/min)
C 1.79 ± 0.05 78.1 ± 5.3 17.1 ± 4.5 56.6 ± 5.9
U 1.82 ± 0.03 75.9 ± 6.6 16.8 ± 2.4 62.9 ± 10.1
P 1.84 ± 0.04 73.9 ± 3.4 15.7 ± 1.9 55.4 ± 5.1
A 1.79 ± 0.05 73.7 ± 9.4 16.9 ± 3.8 56.2 ± 7.7
Data presented as means ± SD; C – cool environment; U – hot environment (unacclimatized);
                                  P – passive acclimatization; A – active acclimatization.
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Fig. 1 – Core tympanic temperatures (Tty) during exertional
heat stress test
C – cool environment; U – hot environment (unacclimatized);
P – passive acclimatization; A – active acclimatization.
Fig. 2 – Heart rate (HR) during the exertional heat stress test
C – cool environment; U – hot environment (unacclimatized);
P – passive acclimatization; A – active acclimatization.Volumen 70, Broj 7 VOJNOSANITETSKI PREGLED Strana 673
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In our study, at high degree of heat strain, the majority
of soldiers did not approach the levels at which their activity
should be reduced. The HR values were well within the pre-
dicted maximum for their age, indicating that the workload
had not exceeded their physical capabilities, considering
their high baseline levels of VO2max.
In 2002, a new definition of heat stroke was introduced
suggesting that multi-organ system failure was due the com-
bined effects of heat cytotoxicity, coagulopathies, and the
systemic imflammatory response syndrome 
13. During heat
stress, systemic inflammation and activated coagulation are
displayed, evidenced by increased prothrombin time, acti-
vated thromboplastin time, and D-dimer, and decreased
platelet count, and protein C. Hypercoagulable state, along
with systemic inflammation, can result from oxidative stress
and thus may contribute to organ failure and dysfunctioning
in heat stress 
3, 14. The inflammatory response is an important
local defence mechanism against infection and injury 
15. Be-
cause the inflammatory response is inseparable from the co-
agulation process, coagulation disorders are often associated
with severe inflammatory disease. In experiments conducted
on rodents, during heat stroke, leukocytosis, coagulation ab-
normalities and abnormalities of prothrombin consumption,
thromboplastin generation, clotting time, one-stage pro-
thrombin and clot retraction are common 
16, 17.
The major physiological response to heat stress consid-
ers primary cardiovascular adaptation, resulting in increased
skin blood flow, in order to increase heat loss. Prolonged re-
distribution of blood flow into the skin leads to progressive
reduction of splanchnic blood flow, which is followed by ni-
trosative and oxidative stress, and production of reactive
oxygen species. These products cause leakage at the sites of
intestinal tight junctions, leading to increased permeability
for Gram-positive and Gram-negative bacteria and their en-
dotoxins. Intestinal tissue damages due to ischaemic envi-
ronments contribute to local tissue inflammation and activa-
tion of inducible nitric oxide synthase and generation of re-
active nitrogen species. These pathophysiological mecha-
nisms are proposed to set a foundation to inflammation and
coagulation abnormalities in heat stress 
13, 14, 18.
Disseminated intravascular coagulation is a common
complication of heat stroke that is initiated following thermal
injury to the vascular endothelium and is regarded as an im-
portant mechanism of heat stroke morbidity and mortality. In
vitro studies have shown that heat (43–44ºC) directly activates
platelet aggregation and causes irreversible hyperaggregation
following cooling 
19. Early in heat stroke, widespread activa-
tion of coagulation stimulates excess deposition of fibrin in the
arterioles and capillaries along with platelet aggregation that
leads to microvascular thrombosis. Although rapid cooling of
the heat stroke patient may normalize fibrinolysis, coagulation
often persists until platelets and coagulation proteins are con-
sumed at a faster rate than they are produced. Consumptive
coagulation may lead to excessive, prolonged bleeding from
multiple tissue sites (venipuncture sites, gums) and is associ-
ated with fatal outcome. The host inflammatory and hemo-
static responses are closely associated not only with fatal heat
stroke but also with severe heat stress, especially when com-
bined with physical strain 
2, 20.
The prothrombin time provides information about the
extrinsic (tissue factor) and common coagulation pathways 
21.
In our study, heat stress combined with intensive physical
activity led to increase in prothrombin time values in soldiers
performed the EHST in hot condition. We observed no dif-
ference in the control group, which suggests that the same
intensity of physical strain did not result in increasing of
prothrombin time. Hence, this effect on prothrombin time
can be attributed to heat stress, regardless physical activity.
Table 2
Serum values of blood clothing parameters before and after the exertional heat stress test
Platelet count (u10
3/mm
3) Prothrombin time (s) Atithrombin III (U) Statistical pa-
rameters for
groups
before
EHST
after
EHST
before
EHST
after
EHST
before
EHST
after
EHST
mean 242.60 267.00 1.04 1.05 1.11 1.11
SD 42.82 45.02 0.46 0.04 0.09 0.10
SE 13.54 14.24 0.01 0.01 0.03 0.03
t-test -5.036; p = 0.001 -0.802; p = 0.443 0.350; p = 0.734
C
W Z = -2.703; p = 0.007 Z = -0.816; p = 0.414 Z = -0.051; p = 0.959
mean 257.30 300.80 0.94 1.01 1.16 1.19
SD 38.00 49.97 0.08 0.04 0.17 0.13
SE 12.02 15.80 0.02 0.01 0.05 0.04
t-test -3.779; p = 0.004 -4.583; p = 0.001 -0.835; p = 0.425
U
W Z = -2.701; p = 0.007 Z = -2.626; p = 0.009 Z = -0.818; p = 0.413
mean 225.90 267.30 1.07 1.04 1.10 1.07
SD 55.81 69.43 0.04 0.07 0.08 0.09
SE 17.65 21.96 0.01 0.02 0.02 0.03
t-test -3.156; p = 0.012 1.545; p = 0.157 2.090; p = 0.046
P
W Z = -2.194; p = 0.028 Z =  -1.425; p = 0.154 Z = -1.737; p = 0.082
mean 252.56 313.89 0.97 1.03 1.10 1.06
SD 56.37 83.26 0.04 0.05 0.05 0.06
SE 18.79 27.75 0.01 0.02 0.02 0.02
t-test -3.956; p = 0.004 -3.773; p = 0.005 1.789; p = 0.111
Ⱥ
W Z = -2.666; p = 0.008 Z = -2.373; p = 0.018 Z = -1.540; p = 0.123
 C – cool environment; U – hot environment (unacclimatized); P – passive acclimatization; A – active acclimatization; EHCT – exertional heat-stress test;
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These findings can indicate the tendency of prothrombin
consumption when exposed to heat stress.
Antithrombin is synthesized by the liver. Human and
animal studies have shown that antithrombin behaves as a
negative acute-phase protein 
22, 23. According to our results,
heat stress combined with strenuous physical work does not
influence the antithrombin values, because we found no dif-
ference between levels before and after the EHST, regardless
environmental conditions and acclimatization state. These
findings suggest that the exertional heat stress of given inten-
sity and duration could not challenge the acute-phase reac-
tion reflected in antithrombin disturbances.
Finally, according to the results obtained in our study,
exertional heat stress induced increase in platelet counts in all
investigated groups, regardless of environmental conditions
and acclimatization state. These findings are in disagreement
with the proposed mechanisms of platelet aggregation and
consumption during heat stress 
3. We suggest that inflamma-
tory triggers for coagulation onset were not activated at the
given intensity of heat stress combined with hot environmental
conditions. The subjects in our investigation were healthy, fit
young males, well-trained and well hydrated, with fully mobi-
lized protective mechanisms (both acclimatization and ac-
quired tolerance to heat), which made them resistant to endo-
thelial injury that lays beneath the hemostatic disturbances in
heat stress. The common risk factors for heat coagulopathy
such as preexisting illness, drug use, alcohol, amphetamines,
ecstasy abuse, were also absent in the investigated population.
Conclusion
This study demonstrated the effects of physical activity
in a hot environment on physiological parameters, as shown
by an increase in Tty and HR. This physiological heat stress
cause mild changes in serum parameters of blood clotting
such as prothrombin time, while antrithrombin values were
not affected by the stress. Contrary to the expected, platelet
count increased during exertional heat stress.
A 10-day acclimatization, either passive or active,
showed no effect on parameters investigated, possibly due to
a preexisting high level of aerobic capacity and tolerance to
heat, which could not be additionally improved.
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